Introduction
Tropical forests have been reported to be the world's most complex ecosystems (Naturwissenschaft, 2011) . They provide habitat for more than half of the world's known terrestrial plants and animal species (Althof, 2005) , despite occupying only seven percent of the total land area (Wakjira, 2006) . Biological invasions have increased rapidly throughout the world during the present century and is responsible for the homogenization of floras causing a substantial threat to ecological integrity and biological diversity of native habitats (Obiri et al., 1998) . Kakamega tropical forest harbors immense and unique biodiversity (Mbuvi et al., 2009) . About 10-20% of species found in it are endemic (Kiplagat et al., 2008) . Its high biodiversity enables it provide various ecological services as elaborated by Kiefer & Bussman, (2008) . The forest can only sustain the provision of these services, when it has a stable biodiversity. However, the Forest has been invaded by various invasive species, with Psidium guajava L., being recorded to be the most significant (KIFCON, 1994) . It has distinctive traits which makes it easily identifiable, these traits include; thin, smooth, copper-colored bark that flakes off, showing a greenish layer beneath (Chollom et al., 2012) . It has been listed as an aggressive invasive plant species (GISD, 2010) . According to the findings of Chapla & Campos (2010) , P. guajava modify habitats, alter ecosystem services and functions, crowds out and replaces native species. Its ability to successfully invade various ecosystems is attributed to its capacity to germinate under various physical conditions, the dispersion of its seeds aided by avian and mammalian vectors (Chollom et al., 2012) , ability to store its seeds deeper in soil and allelopathy Wang et al., 2015; Chapla and Campos, 2010) . Allelopathy is defined as a phenomenon in which one plant affects another through release of chemicals into the environment (Zhao-hui et al., 2010). Allelochemicals produced by invasive plants have been documented to inhibit the growth of native species thereby providing the invader with competitive advantage (Ridenour & Callaway, 2001 ).
Elsewhere, a number of studies have investigated allelopathic potential of P. guajava against various species, Bovey and Diaz-Colon, (1969); Brown et al., (1983) ; Chapla & Campos (2010) . However, there exists no documented knowledge on P. guajava allelopathic potential against the native tree species in Kakamega forest despite its successful invasion and pressures on forest biodivesity. In this study, we investigated the allelopthic potential of P. guajava against the four selected common native tree species in Kakamega Forest namely: Cordia africana [Lam] , Diospyros mespiliformis [Hochst. Ex DC], Croton megalocarpus [Hutch] , and Markhamia lutea [Benth] . We hypothesized that the allelochemicals inherent in P. guajava do not affect the germination, shoot and root elongation of native plant species in Kakamega tropical forest. The findings of this research will provide more information about the strategies used by P. guajava to out-compete native species in Kakamega forest. Identification of any native species, exhibiting resistance to allecochemicals inherent in P. guajava, will be of great significance to forest managers and conservationists, as such native plants could be planted as potential competitors to minimize P. guajava invasion and threat on biodiversity.
II.
Materials and Methods 
Collection of P. guajava leaves

Preparation of the extracts of P. guajava leaves
The plant materials consisted of green fresh leaves attached to the plant and the brown dry leaves fallen to the ground. Each category of leaves was washed separately in running water and 100 grams of whole leaves blended with 500 ml distilled water. The two different categories of leaves extracts obtained were filtered through a cotton cloth and concentrated to 20, 10 and 5% extracts as described by Chapla & Campos, (2010 (Barbosa et al., 2008) . Inside the petri-dishes absorbent cotton were evenly distributed on the surface and saturated with 2ml concentration of each of the extract (20%, 10% and 5%) or distilled water (0%) as control, respectively to see the response of seeds to extracts under various concentrations. The effect of the leaves extracts on germination, shoot and root length elongation of native species was conducted in a full randomized design with three repetitions for each treatments and control groups. Ten seeds of each species were placed in sterilized petri-plates that were 10cm in diameter. The seeds were allowed to geminate in germination chamber at 30ºC and 12-hour photoperiod. C. africana was subjected to germination duration of 60 days, M. lutea subjected to 30 days, D. mespiliformis subjected to duration of 30 days and C. megalocarpus subjected to 30 days. According to Bussmann & Lange (2000) , these are the duration that the respective certified seeds take to germinate and elongate their shoots and roots to measurable levels. New extracts were prepared after every 5 days and kept in a refrigerator for refilling the petri dishes. After the germination period for each respective tree seeds, germinated seeds were counted; and the root and shoot length of each measured using a caliper.
Statistical analysis
All the data were subjected to normality test before analysis. Since they all displayed a normal distribution, a parametric test was used. SPSS, (Version 22) was used for analysis. One-way analysis of variance (ANOVA) was used to compare means and Tukey Post hoc test used to separate the significantly different means at p ≤ 0.05.
III. Results
Effects of aqueous P. guajava leaf extracts on germination rate of selected native species
The results revealed that the green fresh leaves extract had a significant effect on seed germination of C. Megalocarpus Mean values of germinated seeds are presented as mean ± standard deviation per treatment. Means having different letters in the same column differ significantly from each other at p=.05
Effects of aqueous P. guajava leaf extracts on shoot length elongation of selected native species
The impact of green fresh leaves extracts on shoot length elongation of C. megalocarpus (F(3,31)=57. F(3,63) =0.77 p=0.516) were not significant. A tukey post hoc analysis revealed that inhibition in shoot length elongation, in both green fresh and brown fallen leaves extracts were concentration dependent and were more pronounced at the highest concentration of T1=20% ( table 2). Mean shoot length (cm) of native species± standard deviation per treatment. Means having different letters in the same column differ significantly from each other at p=.05
Effects of aqueous P. guajava leaf extracts on root length elongation of selected native species
The inhibition in rootlength elongation by green fresh leaves extract on C. megalocarpus (F(3,31)=86.9 p=0.001), and C. africana (F(3,64) =46.3 p=0.01), had similar patterns as the inhibition pattern observed in their shoot lengths elongations. They were significantly suppressed. The suppression by green fresh leaf extracts on M. lutea (F(3,82) Mean root length (cm) of native species± standard error per treatment. Means having different letters in the same column differ significantly from each other at p=.05
Comparison of the inhibitory prospective of brown dry leaf and green fresh leaf extracts on seed germination.
The inhibitory comparisons of the brown dry leaf and green fresh leaf extracts were analysed and the results revealed that there was significant difference among the two categories of extracts (F(7,88)=10.12 p=0.01). A post hoc, Tukey HSD analysis revealed that it was the brown leaf extract that had more inhibitory impact on the germination percentage of the four native plant species at 20% concentration ( Figure 2 ). 
IV. Discussion
Based on the results, the allellochemicals inherent in P. guajava significantly inhibited the germination, shoot and root length elongation of some of the native plant species. These results were in agreement with the findings of Chapla & Campos, (2010) who observed that the success of P. guajava in invading various ecosystems is partially attributed to the allelochemical inherent in it which suppresses, germination, growth and survival of other plant species. Previous studies on the chemical composition of P. guajava leaves have identified chemical products belonging to the groups with allelopathic properties such as terpenoids, coumarins, cyanogenic acids, flavonoids among others (Omeja et al., 2004; Khan et al., 2014) . These allelochemicals inhibit seed germination and growth by blocking hydrolysis of nutrients reserve and cell division thus causing significant reduction in germination percentage and in the growth of plumule and radical of various plant species (Khan et al., 2014) . In some cases, they change membrane permeability, interfere with chlorophyll formation, inhibit protein synthesis and inactivate the activity and functions of certain hormones and enzymes (Namkeleja et al., 2014) .
P. guajava leaf extracts influenced the germination rate in M. lutea, D. mespiliformis, C. africana and C. megalocarpus in comparison with the controls. However, the influnce in C. africana and C. megalocarpus were siginificantly different. Seed germination is a complex process involving a set of morpohological, physiological and biochemical changes in a well defined manner (Tanveer et al., 2014) . Any alterarion on the biochemical process by deficiency or excess of the chemical substances results into a disruption of the whole process. Namkeleja et al.,(2014) in his study of 'Allelopathic effects of Argemone mexicana to growth of native plant species' documented that during the process of seed germination, a rapid increase in glycolytic activity which is trigered by an increased rate of respiration is experienced. This process (Glycolytic activity) is necessary for the assemblage of stored carbohydrates to provide the seed with ATP and carbon products required for the biosynthesis of the radicles and plumule. However, these allellochemicals have been reported to have a mechanism of action and structural pattern similar to those of plant hormonoes (Isfahan & Shariati, 2007) . They also have acidic compounds which enables them inhibit the synthesis of Gibberellin (Einhelling, 1996) . These properties make the allelochemicals to inhibit the actions of inducible hormones such as Gibberellin and the activities of specific enzymes such as amylases and Proteinases which are important for the process of germination (Isfahan & Shariati, 2007) . This could therefore be the reason for the significant reduction in germination of seeds in C. megalocarpus and C. africana. These results are consistent with the previous findinds of Sing et al.,(2002b) and Ashafa et al., (2012) where four monoterpenes and allelochemicals from Mangifera indica respectively significantly inhibited germination of Cassia occidentalis. In M. lutea and D. mespiliformis, reduction in seed germination rate were not significantly different with the controls. The chemical component which made them resistant to P. guajava leaf extracts were not investigated in this study. However, according to Inderjit et al., (2011) , the secretion of oxalate has been documented to be the reason as to why some native plant species are able to resist suppressive impacts from the allellochemicals released by other species. The oxalate contributes to the resistance of the native plants by nuetralising the inhibitory effect of the allelohemicals. Incidences of some native plants resisting growth inhibition from extracts derived from invasive species have also been reported in other studies (Bruckner et al., 2003) .
The results observed in rate of seed germination showed the same pattern as those in shoot and root length elongation. The shoot and root length elongations in C. megalocarpus and C. africana were siginificantly suppressed. Regulation of the concentrations of hormones such as auxins and gibberellins is essential for growth in plant cell and morphogenesis (Karuppanapandian et al., 2011) . Most of the allelochemicals inherent in invasive species have been reported to disrupt hormone equilibrium (Namkeleja et al., 2014) . This disruption is brought about by inhibiting polar auxin transport leading to a disturbance in normal auxin levels and resulting in the induction of lateral shoots and roots and subsequent suppression of growth (Brunn et al., 1992) . Impaired metabollic activities induced by these allelochemicals also suppresses shoot and root length elongation (Ashafa et al., 2012) . Ability of some native plant species to secrete oxalate as explained by Inderjit et al., (2011) , could explain why the shoot and root length elongation in M. lutea and D. mespiliformis, were not significantly affected by the allelochemicals.
The inhibitory effect was concentration dependent and different species responded differently to the extracts. Such phenomena has been repoted by Siddiqui et al., (2009) , Yarnia et al., (2009) and Ghorbanli et al.,(2011) where inhibition impact of various extracts of invasive species increased with increase in concentration. Among the two extracts, brown dry fallen leaves had a significant suppressive effect on the native species at 20% concentration than the green fresh leaf extracts at the same concentration. Ashafa et al.,(2012) attributes this to the fact that as leaves dry up, they pull together compounds (allelochemicals) that make them more suppressive. 
V. Conclusion and Recommendations
The results from this study reveal that the success of P. guajava in invading Kakamega forest, could be attributted partly to its allelopathic potential. The inhibitory effect on seed germination, root and shoot elongation was concentration depedent, where an increase in concentration caused an increase in inhibition. The brown dry leaf extracts had more inhibitory effect than the green fresh leaf extracts. M. lutea and D. mespiliformis were the most resistant plant species. Further Scientific studies are recommended to find out the chemical substances responsible for thier resistance. Planting such trees with high resistance to P. guajava inhibition in areas of the forest under heavy invasion could help mitigate successful invasion of P. guajava in Kakamega forest and other tropical forests with a view of minimizing its threat on biodiversity.
